The upgrade of the D 0 detector at Fermilab [l] is scheduled to run in 1999. One component of the upgrade is a cylindrically shaped preshower detector, placed on the outside of a solenoidal magnet that will surround the tracking volume. The technology for this detector will be plastic scintillating strips, with axial wavelength shifting (WLS) fiber and Visible Light Photon Counter (VLPC) readout. The VLPC's, with their quantum efficiency of N 70%, perform much better than traditional photomultipliers.
I. INTRODUCTION
The use of (a) scintillating fibers and (b) wavelength shifting fibers embedded in scintillator tiles are two technole gies that have come into their own and are used by many high energy physics experiments [2] . While the technologies are quite similar, each occupies a separate niche. Between them exists a region of applications not satisfied by either .... that is, when a measurement requires a detector granularity better than that allowed by conventional scintillator tiles, but the cost associated with the high channel count of scintillating fibers is prohibitive and not required for the task at hand. This region can be well served by long, thin scintillating strips with axial WLS fiber readout.
For the DO Collaboration
We have designed a central preshower for D 8 based on this technology. Scintillator strips, with WLS fibers, are used in conjunction with Visible Light Photon Counter [3] readout. VLPC's, with their quantum efficiency of a p proximately 70%, yield vastly superior results, compared to conventional photomultiplier tubes.
Deep isolation grooves are milled at a center-to-center spacing of 5 mm into a sheet of standard plastic scintillator (4.5 x 80 x 1000) mm thick. The result is 16 strips of dimensions (4.5 x 5.0 x 1000) mm, each connected by a small thickness of scintillator ( w 250pm) remaining below each isolation groove. In addition, fiber grooves are milled using a ball-end mill at the center of each strip to a typical depth of 1.5 mm, with a ball diameter of 1 mm. Each isolation groove is filled with an opaque, highly reflective white epoxy [4]. This isolates adjacent channels and traps the light within each strip. Each set of 16 strips thus manufactured is wrapped in Tyvek [5] and is then called a megatile. Eight of these megatiles were manufactured, for a total of 128 channels. Several small variations on the baseline design were tested (e.g. small changes in the diameter of the ball mill, changes in the the depth of the fiber groove, etc.). Figure 1 show a typical strip configuration.
Two types of scintillator were tested, Bicron 
TEST STAND
In order to test technology for the DO fiber tracker (another component of the D 0 upgrade), the DO Fiber Tracking Group built a cosmic ray test stand to demonstrate that a large scale system using their proposed design could be made to work. Details of the test stand are given in [9] , but briefly it can be described as follows. arated by a several inch gap. The narrower of the paddles are placed above the steel and surround the fiber tracker group's prototype module. These paddles provide spatial constraints on the cosmic rays which are accepted. A third paddle is placed between the steel absorbers and the fourth is placed beneath both steel blocks. These paddles place energy constraints on the cosmic ray muons seen. By requiring that either three or all four paddles fired, it is possible to put a lower threshold on the energy of the cosmic ray from the known dE/dx loss in the steel. The D 0 prototype fiber tracker provides very precise position information for each cosmic ray track, with an x resolution of 80 pm and a t resolution of 3.0 mm.
TEST RESULTS
Many aspects of the performance of the preshower prototype were investigated. Properties such as spatial uniformity of response, light yields, and crosstalk are studied here.
The preshower module was installed in the test stand in mid-November 1994. During a one month run, 3.1 million triggers were accumulated. After taking into account the smaller acceptance of the preshower prototype, tracking efficiencies, and a high energy (i.e. four trigger scintillators fired) cut, 250 000 events were available for analysis, yielding approximately 16 000 events per strip.
The possible slopes of useful tracks are restricted by the triggering and track finding conditions. The distnbutions of the projections of the slope (as/ay and at/ay) are Gaussian-like in shape with standard deviations uzu = 0.0532 and cZu = 0.288. Thus the tracks are much more vertical in the xy projection than they are in the yt pro--- The conversion between ADC counts and photoelectrons is done by utilizing the small amount of inter-strip crosstalk seen. Using the information from the fiber tracker to determine which strips were hit, and by looking at the signal in the strips adjacent to the hit strips, one could easily see the 0, 1 and 2 photoelectron peaks. By determining the peak-to-peak separation, the ADC-to-photoelectron conversion was obtained. Figure 3 shows an example of the low number of photoelectron spectra. In addition, fig.  4 shows the non-linear nature of the electronics chain. The region in which our data occurs is shown, suggesting that a non-linear calibration is needed.
A. Attenuation Length
The yield of a strip as a function of position along the long dimension of the strip can be parametrieed as I = IOe-'fAcff. Because each fiber is silvered, A e~ does not reflect the true attenuation length of the fiber (independently measured to be 4.5 m) but does measure the degree of uniformity that can be expected. A e~ is measured to be in the range of 9-11 meters. 
B. Signal Uniformity Across Strip
The next detector property studied was the signal uniformity as a function of x position. Since each strip has a fiber groove along its axis, it is expected that the average signal would be smaller if a cosmic ray traversed the fiber (and therefore less scintillator). Examples of the data are given in Fig. 6 . A figure of merit in this plot is the ratio of light yield for particles traversing the fiber to particles traversing the maximum thickness of scintillator. As expected, the depth of the fiber groove affects this ratio. For the typical fiber groove depth of 1.5 mm, the ratio is 0.80 f 0.03.
C . Yield
One of the most important measurements that needs to be made is the photoelectron yield. Because of the nonuniform response near the groove and near the scintillator edges, data near the center and the edges are excluded. A residual (Ax) is determined, which is the distance between the track intercept and the center of the nominally hit strip. A cut excluding residuals in the regions lAzl > 1.5 mm and (Azl < 0.5 mm is applied. An example of the photoelectron yield for a particular strip is given in fig. 7 . Finally, in order to fairly compare the response of different construction variants, the response of each variant is divided by its true thickness (measured randomly and averaged). One should interpret this result with care, since it is heavily dependent upon geometry, but it is then meaningful to compare the different detector variations. In this paper, we have not differentiated between the different variants, as generally the photoelectron yields are similar. Yields of 4-5 pe/mm are typical. Certain variants differ from the norm. For instance, when the air normally between the scintillator and the WLS fiber is replaced by Bicron BC-600 optical glue, the light yield increases to 6 pe/mm. Also, when single-clad BCF-9lA fiber is used, the light yield is lower than that achieved using doubleclad Y11 fiber. The effective QE is a complex quantity which includes not only the conventional QE (i.e. the number of electrons produced per incident photon), but also includes other effects that affect the electron yield. For instance, a slight positioning mis-match between a fiber and the active area of a VLPC pixel, some small contaminant between the fiber and the pixel, or a blemish in the fiber or VLPC surface can all degrade the conversion of photons into electrons. Since these effects can affect the electron yield, we combine them with the conventional QE and call the final result an effective QE. Many of these effects are not explicitly measured, so the effective quantum efficiency is quoted to have a 20% error (20% = 13%/65%). Thus the number of WLS photons produced is simply 3.68 f 0.74 times the number of photoelectrons produced, for a range of 14.8-18.5 photons/mm of scintillator traversed.
D. Crosstalk
Crosstalk occurs when a signal in a particular channel induces a spurious signal in an adjacent channel. In the case of the DO preshower prototype modules, the dominant source of crosstalk is due to light crossing the small amount of scintillator below each isolation groove. One would expect that the amount of light seen in an adjacent strip would be directly proportional to the light seen in the hit strip. However, what is observed is not the scintillator light, but a number of photoelectrons. Since both the signal in the central strip and the amount of crosstalk signal seen in an adjacent strip are both subject to independent Poisson fluctuations, counter-intuitive results are observed. Space constraints preclude a long discussion of this phenomenon and the reader is referred to Ref. [ll] . In order to reduce the amount of crosstalk into adjacent strips, a black line was drawn below the isolation groove of some strips. This black strip reduces the amount of crosstalk to 4%, to be contrasted to 12% crosstalk without the stripe. 
IV. SUMMARY OF RESULTS
We have presented detailed data on the optical and scintillation properties of a plastic scintillating strip with wavelength shifting fiber and VLPC readout. Strips were (4.5 x 5.0) mm rectangular in cross section and one meter in length. The wavelength shifting fiber was silvered on one end and read out on the other end. The VLPC readout gave greatly improved photostatistics; typical light yields were 18 photons (and 4.5 photoelectrons) per mm of scintillator for cosmic rays with minimum energies of 2.5 GeV. With the thickness of scintillator used, each minimum ionizing particle typically yielded an average of 72 photons, which corresponds to 20 photoelectrons, given our readout system. With this substantial light yield we were able to study attenuation length, signal uniformity, end effects, and crosstalk between strips in more detail than has been possible previously. Small variations in detector fabrication were tested and results were obtained for 14 megatile variations and four extrusion variations. Further tests with extruded scintillator and with different strip cross sections are planned in the near future.
